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Thirty-two children (aged 7–11 years) were monitored for 4–5 consecutive days under two randomly assigned
crossover treatment/non-treatment conditions (minimum of 2 days for each condition): (1) accelerometer
(i.e., control or covert monitoring); and (2) accelerometer and pedometer (i.e., treatment or known monitor-
ing). Participants were informed the accelerometer was measuring “time”—serving as the blinding condi-
tion. Paired analyses were performed between conditions for four time segments (warm-up and three
activity units). A significant difference during the warm-up was observed. No other changes in activity levels
were present. The findings suggest that during unrestricted play, children increase their activity when being
monitored. [ J Exerc Sci Fit • Vol 9 • No 2 • 82–86 • 2011]
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Introduction
The ability to accurately measure human behavior has
been the subject of considerable interest in the psy-
chological, sociological, and health behavior disciplines.
In their seminal text on the topic, Webb and colleagues
(2000) describe common yet often overlooked sources
of error that may account for any given study’s findings.
The alternative explanations or rival hypotheses that
are discussed can be attributed to error arising from
multiple sources: (a) participant (e.g., preparation, moti-
vation); (b) investigator (e.g., scoring consistency, expec-
tations, objectivity); (c) flaws in sampling (e.g., sample
size, heterogeneity versus homogeneity of sample); 
(d) testing environment; or (e) flaws in the test instru-
ment itself, or any combination of these. No domain
of human behavior investigation is exempt from these
sources of error, including the physical activity domain.
An observed change in human behavior due to 
the introduction of an experimental condition or the
knowledge that one is being monitored is termed 
the Hawthorne effect (Bannigan & Zwerman 2001). In
the exercise science and sport pedagogy literature, the
term “reactivity” is used to describe this possible alter-
ation of behavior due to the presence of an observer.
The methods used to quantify physical activity may be
particularly vulnerable to reactive effects. Direct obser-
vation of activity may cause people to deviate from their
normal activity routines simply due to the presence of
an unknown person in their surroundings. This effect
may be even more prominent when dealing with youth.
Diaper (1990) notes that young people’s reaction to
departures from normal routines, such as the introduc-
tion of a researcher into their environment, is complex,
and subsequently the possibility exists for a change in
behavior.
Few studies have attempted to explain or observe
changes in physical activity due to observation. Puhl and
colleagues (1990) observed the physical activity of chil-
dren using the Children’s Activity Rating Scale (CARS).
The protocol consisted of observers monitoring chil-
dren’s activity for 10–12 hours, one to four times over
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the course of a year. Each observer subjectively evalu-
ated reactivity by indicating whether they felt the child’s
behavior was modified due to their presence. From the
491 observations collected over 12 months, less than
10%indicated the existence of reactivity due to observer
presence. Using sealed pedometers (i.e., blinding par-
ticipants to actual steps taken), Vincent and Pangrazi
(2002) investigated the existence of reactivity on week-
day step counts in children over an 8-day monitoring
period. Their results indicated no difference in mean step
counts between days. Ozdoba and colleagues (2004),
examining 4 days of sealed versus 4 days of unsealed
pedometer step counts in fifth grade children, hypo-
thesized that the children would increase their step
counts when they were able to view their accumulated
steps as opposed to being “blinded” to their number.
The findings from the study suggested that no reactive
measurement effect was present, indicated by non-
significant differences between the first and last days.
Finally, in a study by Rowe and colleagues (2004),
pedometer step counts over a 6-day period were found
to vary among some adjacent days (e.g., Thursday to
Friday), but were not consistently different, leading to
the conclusion that reactivity was non-existent.
The aforementioned studies suggest that reactivity,
if it exists, is either minute in comparison to total obser-
vations (Puhl et al. 1990) or does not appear to be
present under concealed or concurrent feedback situa-
tions (Ozdoba et al. 2004; Rowe et al. 2004; Vincent &
Pangrazi 2002). However, one could debate that the
studies violated the very premise under which reactivity/
Hawthorne effect is based. That is, in each study, the
participants were aware of the presence of either an
individual observing their behavior (Puhl et al. 1990) or
were informed about physical activity data being col-
lected (Ozdoba et al. 2004; Rowe et al. 2004; Vincent &
Pangrazi 2002). Without covert monitoring of activity
(i.e., unknown monitoring), these studies cannot fully
determine whether reactivity did or did not occur
(Beets 2006).
The conclusions drawn from these studies—indicating
that reactivity does not exist, would be premature at
this time given the participants’ knowledge of physical
activity monitoring in the previous studies. To determine
whether or not reactivity exists, one would need to mon-
itor physical activity under two conditions: (1) known
monitoring; and (2) covert or unknown monitoring
(Beets 2006). This design necessitates that participants’
behavior be observed under both potential reactive
and non-reactive conditions. If a difference between
the two is detected, then the presence of reactivity can
be supported. Thus, the purpose of this study was to
determine if reactivity is introduced when children’s
physical activity is knowingly and unknowingly being
monitored.
Methods
Participants
A total of 41 children, aged 7–11 years, were recruited
from a youth summer camp sponsored by a university
during June and July of 2004. Informed consent and ver-
bal assent were collected from each child and their parent/
guardian prior to data collection. All procedures were
approved by the university’s institutional review board.
Experimental design and measures
Summer camp activity schedule
The summer camp schedule consisted of two activity
blocks, one morning (9:00 am to 12:00 pm) and one
afternoon (1:00 pm to 4:00 pm), with each block com-
prised of three separate activities, each lasting approx-
imately 50 minutes. Activity blocks contained 7–15
children scheduled to participate as a group during the
morning or afternoon sessions. All data were collected
during the morning activity block (9:00 am to 12:00 pm).
Once scheduled for an activity block, each child re-
mained with the same group of children and partici-
pated in the same three activities for the entire week
(Monday through Friday). Each subsequent week con-
sisted of different activities (e.g., relay games, lacrosse,
badminton) scheduled within each block of time, with
a different grouping of children. Thus, each child was
assessed for a maximum of 5 days during one week
and a different group of children were monitored every
week over a span of 4 weeks.
Treatment conditions
Each child was randomly assigned to a crossover 
treatment/non-treatment condition for a maximum of
5 days of monitoring (Monday through Friday). Children
arrived at morning check-in before 8:30 am and were
taken to their scheduled activity group. On the first day
of each week (Monday), children participating in the
study were reminded that the research team was inter-
ested in the amount of physical activity (i.e., pedometer
steps) they were going to take during their morning ses-
sion, yet due to a limited supply of pedometers, only
some children would be able to wear the pedometers
(Walk4Life 2525; Walk4Life Inc., Plainfield, IL, USA) on
any given day. In addition to a pedometer, the children
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were asked to wear a “watch” (i.e., an accelerometer)
over the course of the entire week. The “watch”
(Actiwatch; Mini-Mitter, Bend, OR, USA) was described
as a timer that would allow the research team to deter-
mine how many minutes each child was present each
day of camp. The use of the “watch,” without pedometer,
served as the non-treatment condition.
An adjustable belt affixed with an omnidirectional
accelerometer was assigned to each child. The children
wore the same accelerometer continuously throughout
the morning session for the entire week. The accelerom-
eter sampled at a 15-second epoch length and place-
ment was above the iliac crest on the right hip, which
has been validated in children (Puyau et al. 2002). The
treatment condition was the assignment of pedometers
on a minimum of 2 and maximum of 3 randomly
selected days over the week’s monitoring. On treatment
days, along with the accelerometer, pedometers were
placed on the right side of the waist and affixed to the
adjustable belt. The pedometers were sealed with a
plastic strap to prevent tampering and immediate feed-
back on step counts. During days that children received
pedometers, they were informed that the research team
was going to measure their physical activity (i.e., number
of steps). At the end of the morning session (12:00 pm),
children assigned pedometers for the day’s activities
were informed on the number of steps they had taken.
On days when children did not receive pedometers,
they were informed that the research team was inter-
ested in the amount of time they were attending the
camp. When the participants inquired about why they
could not use their own wristwatches to tell how long
they were at camp, the authors showed them the dif-
ferences in time among the wristwatches each were
wearing. Following this, the authors informed the par-
ticipants that the “watches” were synchronized and read
the same time, and therefore the need to wear them.
This was used as an indirect assessment of whether the
blinding procedure was believable.
Data treatment
Of the 41 youth enrolled in the study, 39 youth were
monitored; 32 (17 boys, 15 girls) completed a minimum
of 4 days of monitoring (2 treatment and 2 control)
and were used for the final analysis. The youth who did
not complete the minimum of 4 days did so because
they were either absent (n = 6) or had incomplete data
(n = 1) or failed to attend the summer camp due to
other reasons (n = 2). Means and standard deviations
were calculated for the descriptive characteristics on
the final sample (Table 1). Because children’s physical
activity behavior is characterized by sporadic bouts of
moderate and high intensity activity levels, with a major-
ity of time spent at low intensity levels (Bailey et al.
1995), accelerometer counts were summed for each
activity session and divided by the number of 15-second
intervals in each session to arrive at an average activ-
ity count per 15 seconds over the duration of each
activity session. The sessions consisted of the following
time segments: (a) morning arrival—8:30 to 9:00 am
(30 minutes); (b) activity one—9:10 to 9:50 am (40 min-
utes); (c) activity two—10:10 to 10:50 am (40 minutes);
and (d) activity three—11:10 to 11:50 am (40 minutes).
The time between activities (e.g., 9:50 to 10:10 am) was
used primarily for instruction, clean-up (e.g., putting
away equipment), and transferring from one location
to another. As this limited the children’s opportunities
to be physically active, this time was excluded from
the analysis.
Distributional properties of accelerometer counts for
each time segment were examined and shown to deviate
from normal. The time segments were subsequently
log-transformed and all analyses performed with the
transformed variables. Paired-sample t tests between
each time segment (e.g., 8:30 to 9:00 am), contrasting
accelerometer counts with (known) and without the
pedometer (unknown/covert), were conducted. Family-
wise error rates for the tests were controlled using
Holm’s sequential Bonferroni procedure (Holm 1979)
in order to maintain a significance level of p < 0.05. For
this procedure, the significance levels from each analy-
sis are ordered in magnitude, with the lowest p value
adjusted for by the division of alpha by the number of
separate tests (0.05/5). The next smallest p value was
then compared at an alpha of 0.05/4. This procedure
is continued until the last p value is compared at the 
a priori significance level. Effect sizes were calculated
for each activity session and overall using the follow-
ing formula: Effect size = (MT − MC)/SDC, where MT is the
mean of the treatment (i.e., pedometer), MC is the mean
Table 1. Descriptive characteristics for boys (n = 17) and girls
(n = 15)*
Boys
Number of days monitored 4.6 ± 0.5 (4.0–5.0)
Age (yr) 9.3 ± 0.9 (8.0–10.5)
BMI [kg  (m2)−1] 17.4 ± 3.6 (14.4–28.9)
Girls
Number of days monitored 4.3 ± 0.5 (4.0–5.0)
Age (yr) 8.9 ± 0.9 (7.9–10.7)
BMI [kg  (m2)−1] 17.2 ± 2.1 (14.7–22.5)
*Data presented as mean ± standard deviation (range).
of the control, and SDC is the standard deviation of the
control (Thomas et al. 1991). Effect sizes were inter-
preted according to previously established standards:
small (<0.41); moderate (0.41 to 0.70); and large (>0.70)
(Cohen 1969).
Results
Table 2 displays the mean 15-second accelerometer
counts by activity session and overall for each treatment
condition along with the results of each analysis. The 
t tests revealed a significant increase in accelerometer
counts for the known condition during the 8:30 to
9:00 am time segment (t31 = 3.35, p = 0.002). All addi-
tional comparisons between time segments were non-
significant (see Table 2). The effect size by activity
sessions are presented in Table 2. One session, the
morning warm-up (8:30 to 9:00 am) resulted in a mod-
erate effect size (0.65) between conditions, whereas all
other effect sizes were minimal (effect size range, 0.01
to 0.09).
Discussion
The debate as to whether or not a reactive effect occurs
when measuring the physical activity behavior of chil-
dren has been addressed by several authors (Ozdoba
et al. 2004; Rowe et al. 2004; Vincent & Pangrazi 2002;
Puhl et al. 1990). Conclusions from these studies indi-
cated that reactivity was either non-existent (Ozdoba
et al. 2004; Rowe et al. 2004; Vincent & Pangrazi 2002)
or comprised only a small fraction of the total observa-
tions (Puhl et al. 1990). However, these studies vio-
lated the fundamental premise upon which reactivity
is founded—that is, the individuals studied were aware
that their activity was being measured, and therefore the
question as to whether a reactive effect exists has yet
to be answered (Beets 2006). The definition of reactiv-
ity specifically states that changes in behavior occur due
to the knowledge that one’s behavior is being moni-
tored (Beets 2006). Based on this, a study would need to
have two conditions present in order to specifically test
whether a reactive effect is present (Beets 2006). The
first is a “known” monitoring condition, whereby the
individual is explicitly aware that their activity is being
monitored. When using pedometers, this condition is
simply the placement of a pedometer on an individual’s
waistline. The individual sees the pedometer, knows
what it measures (i.e., steps or activity levels), and there-
fore is sufficiently oriented to the fact that their activity
is being recorded and hence monitored. The previously
mentioned studies (Ozdoba et al. 2004; Rowe et al.
2004; Vincent & Pangrazi 2002) fulfilled this require-
ment. The second condition—the “unknown” or “covert”
monitoring—has been absent to date, yet is crucial in
determining whether or not a reactive affect is present.
This condition would be realized when physical activity
is monitored without the awareness of the individual that
his/her activity is actually being observed. Such a condi-
tion is difficult to achieve, given the complexity of creat-
ing a believable scenario, along with the ethical concerns
of using deceptive practices. The current study attempted
to address this issue by “blinding” the participants to the
monitoring of their physical activity by informing them
that another, physical activity independent measure
(i.e., time), was being evaluated. The findings indicated
that a significant difference existed between known
versus unknown monitoring for the morning warm-up
period, corresponding to a moderate effect size (0.65),
suggesting that change in activity levels did occur.
Interestingly, the initial warm-up session was the only
activity segment where the children had the opportunity
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Table 2. Average 15-second accelerometer counts for each treatment condition for each activity session and total daily
accelerometer counts (n = 32)
Treatment condition*
Activity session 
comparisons†Time
Pedometer No pedometer t p‡
Effect size
8:30 to 9:00 am 34.6 ± 21.2 24.9 ± 14.9 3.35 0.002 0.65
9:10 to 9:50 am 145.1 ± 108.1 144.1 ± 106.8 −0.94 0.35 0.01
10:10 to 10:50 am 184.3 ± 121.9 174.1 ± 110.8 0.25 0.80 0.09
11:10 to 11:50 am 115.3 ± 80.8 118.7 ± 86.5 −0.05 0.96 −0.04
8:30 to 11:50 am 125.5 ± 56.4 123.1 ± 55.1 0.26 0.79 0.04
*Data presented as mean ± standard deviation; †values based on analyses using the log-transformed values; ‡family-wise error rate adjusted
using Holm’s sequential Bonferroni procedure.
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to engage in more free-play or discretionary activity,
meaning that no structure was imposed on their activ-
ity. This suggests that under these conditions, children
will exhibit a reactive effect to wearing a pedometer.
However, this time segment was relatively short in com-
parison to the overall time spent at the camp. Caution
should, therefore, be used in generalizing these state-
ments to the entire context of discretionary/free-play
opportunities children have throughout the day. Never-
theless, it does imply that reactivity may occur and thus
should be examined in larger time segments where
free-play can occur.
Prior studies have indicated that reactivity may exist,
albeit without the covert monitoring condition. Standish
(2004) noticed a potential reactive effect when pedome-
ters were provided to individuals with mental retarda-
tion. The participants were described as being motivated
to walk more while wearing the pedometer (pg. 176).
Beets and colleagues (2006), who measured reactivity
via self-report, found that over three-fourths of children
reported increasing their activity levels after wearing 
a pedometer for 7 consecutive days.
Although increased activity was observed during the
warm-up period, it was not observed during the other
activities. Several plausible explanations exist. Since the
other activities were structured, the opportunity to be
active beyond an allowed level may have prevented the
children from exhibiting a reactive effect. Additionally,
it could be that the children were aware that their phys-
ical activity was being monitored, whether they were
provided with a pedometer or not, thereby negating the
effects of blinding. Nonetheless, increases in activity
did occur during the warm-up, suggesting some change
in activity behavior. Further, it is possible that the chil-
dren who did not receive a pedometer for the day
increased their activity indirectly from the increased
activity of the children who did receive pedometers. That
is, if youth in a group had augmented levels of activity
due to the pedometers, they were likely to play with
youth without pedometers, but still with accelerometers,
thereby increasing everyone’s activity. Future research
should attempt to rectify this by treating an entire group
similarly (e.g., random allocation to the same condi-
tion for all individuals within a group), with the unit of
analysis being the group instead of the individual.
One of the main limitations of this study needs to
be addressed. As alluded to above, for a majority of the
time segments, apart from the warm-up period, the
activities were planned in a manner that might not
allow for spontaneous or increased levels of activity
(i.e., reactivity). Apart from this drawback, the random
assignment of treatment conditions and the use of the
Actiwatch to covertly monitor activity provide confi-
dence in the findings.
In conclusion, the results from the initial time period
(8:30 to 9:00 am) indicate that increased levels of activ-
ity may occur during unstructured or free-play opportuni-
ties in children with the knowledge of being observed.
Therefore, when researchers are using pedometers to
measure unstructured activity levels, a reactive effect
may need to be accounted for in the results.
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